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(57) ABSTRACT

An endoscope includes a flexible tube and a connection
mouth ring. The flexible tube includes a helical tube, a braid
tube disposed outside the helical tube, and an outer tube
disposed outside the braid tube. The endoscope further
includes a caulking member which caulks the end of the
braid tube from the outside of the connection mouth ring in
a state held therebetween. The end of the helical tube is
connected by thermal action to the connection mouth ring,
and a part where the end of the helical tube is connected to
the connection mouth ring is positioned differently along the
axis of the connection mouth ring from a part where the end
of the braid tube is caulked against the connection mouth
ring.

6 Claims, 8 Drawing Sheets
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1
ENDOSCOPE

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application is a continuation under 37 C.F.R.
§1.53(b) of prior application Ser. No. 12/335,003, filed Dec.
15, 2008, by Shigeki MATSUO et al., entitled ENDO-
SCOPE, which is based upon and claims the benefit of
priority from prior Japanese Patent Application No. 2007-
335325, filed Dec. 26, 2007, the entire contents of which are
incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to an endoscope used for various
purposes such as an industrial purpose and a medical pur-
pose.

2. Description of the Related Art

An endoscopic flexible tube is formed by stacking a
helical tube, a braid tube (mesh tube) and a flexible outer
tube in order from the inside to the outside. Then, the distal
end of the flexible tube is connected to the proximal end of
a bending portion by a connection mouth ring.

For example, at the distal ends of the helical tube and the
braid tube, a hard portion is formed in which these tubes are
joined, for example, by an adhesive or by brazing (soldering
or brazing). Further, a mouth ring member is fixed to the
outside of the hard portion of the helical tube and the braid
tube.

BRIEF SUMMARY OF THE INVENTION

An endoscope according to this invention includes: a
flexible tube having a helical tube, a braid tube disposed
outside the helical tube, and a flexible outer tube disposed
outside the braid tube; a cylindrical connection mouth ring
connected to an end of the flexible tube; and a caulking
member by which an end of the braid tube is caulked outside
the connection mouth ring in a state held therebetween. An
end of the helical tube is connected by thermal action to the
connection mouth ring inside the braid tube, and a part
where the end of the helical tube is connected to the
connection mouth ring is positioned differently along the
axis of the connection mouth ring from a part where the end
of the braid tube is caulked against the connection mouth
ring by the caulking member.

Advantages of the invention will be set forth in the
description which follows, and in part will be obvious from
the description, or may be learned by practice of the inven-
tion. Advantages of the invention may be realized and
obtained by means of the instrumentalities and combinations
particularly pointed out hereinafter.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

The accompanying drawings, which are incorporated in
and constitute a part of the specification, illustrate embodi-
ments of the invention, and together with the general
description given above and the detailed description of the
embodiments given below, serve to explain the principles of
the invention.

FIG. 1 is a schematic view showing an endoscope accord-
ing to first to third embodiments;
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FIG. 2A is a schematic longitudinal sectional view show-
ing a bending portion, a flexible tube and a connection
mouth ring for connecting the bending portion to the flexible
tube of an insertion portion in the endoscope according to
the first embodiment;

FIG. 2B is a schematic cross sectional view of the
insertion portion along line 2B-2B in FIG. 2A;

FIG. 2C is a schematic cross sectional view of the
insertion portion along line 2C-2C in FIG. 2A;

FIG. 3 is a schematic perspective view showing a part of
a braid tube used for the insertion portion or a universal
cable of the endoscope according to the first to third embodi-
ments;

FIG. 4 is a schematic partial longitudinal sectional view
showing the bending portion, the flexible tube and the
connection mouth ring for connecting the bending portion to
the flexible tube of the insertion portion in the endoscope
according to the first embodiment;

FIGS. 5A to 5G are schematic longitudinal sectional
views sequentially showing the procedure of connecting the
flexible tube of the insertion portion of the endoscope
according to the first embodiment to the connection mouth
ring;

FIGS. 6A and 6B are schematic longitudinal sectional
views showing how the connection mouth ring to be con-
nected to the bending portion is disposed at the distal end of
the flexible tube of the insertion portion, and an operation
portion connection mouth ring to be connected to an opera-
tion portion is disposed at the proximal end of the flexible
tube of the endoscope according to the first embodiment;

FIG. 7 is a schematic longitudinal sectional view of parts
of the insertion portion and the operation portion, showing
how the operation portion connection mouth ring at the
proximal end of the flexible tube of the insertion portion
shown in FIGS. 6A and 6B is disposed in a protection hood
of the operation portion;

FIG. 8 is a schematic longitudinal sectional view showing
a bending portion, a flexible tube and a connection mouth
ring for connecting the bending portion to the flexible tube
of an insertion portion in the endoscope according to the
second embodiment; and

FIG. 9 is a schematic longitudinal sectional view showing
a bending portion, a flexible tube and a connection mouth
ring for connecting the bending portion to the flexible tube
of an insertion portion in the endoscope according to the
third embodiment.

DETAILED DESCRIPTION OF THE
INVENTION

Hereinafter, a best mode for carrying out this invention
will be described with reference to the drawings.

First Embodiment

A first embodiment is described with FIG. 1 to FIG. 7.

As shown in FIG. 1, an endoscope 10 includes an inser-
tion portion 12 to be inserted into a narrow and small space,
an operation portion 14 disposed at the proximal end of the
insertion portion 12, and a universal cable 16 extending from
the operation portion 14.

The insertion portion 12 includes a distal hard portion 22,
a bending portion 24 disposed at the proximal end of the
distal hard portion 22, and a flexible tube 26 disposed at the
proximal end of the bending portion 24. The operation
portion 14 includes an operation portion main body 32 with
a grip portion 32a, a bending operation knob 34 disposed in
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the operation portion main body 32, and a protection hood
36 disposed at the proximal end of the flexible tube 26 and
disposed in the grip portion 32a of the operation portion
main body 32. The universal cable 16 includes a flexible
tube 42 extending from the operation portion main body 32,
and a connector 44 disposed at the end of the flexible tube
42 on the distal side with respect to the operation portion
main body 32. A protection hood 46 is disposed between the
flexible tube 42 of the universal cable 16 and the operation
portion main body 32.

As shown in FIG. 2A, the bending portion 24 of the
insertion portion 12 includes a bending tube 52 which is bent
by the operation of the operation portion 14, and a cover tube
54 disposed outside the bending tube 52. The bending tube
52 is formed by joining a plurality of bending pieces 52a
axially rotatably with respect to each other. For example, a
pair of operation wires 56 is inserted into each of the
bending pieces 52a. These operation wires 56 have their
proximal ends fixed to the bending operation knob 34 of the
operation portion 14, and their distal ends fixed to the most
distal bending piece 52a of the bending tube 52 or to the
distal hard portion 22. That is, the operation wires 56 are
inserted in the bending portion 24 and the flexible tube 26 of
the insertion portion 12.

In addition, each of the operation wires 56 is covered with
a cover coil 58. The distal end of the cover coil 58 is fixed
to the inner peripheral surface of a connection mouth ring 70
described later by, for example, adhesive bonding or brazing
(soldering or brazing). The cover coil 58 is disposed to
extend up to the proximal side of the flexible tube 26.

The flexible tube 26 includes a helical tube (spiral tube)
62, a braid tube (mesh tube) 64 disposed outside the helical
tube 62, and a flexible outer tube 66 disposed outside the
braid tube 64.

The helical tube 62 is formed by helically molding a thin
strip plate material made of, for example, stainless steel into
the shape of a substantially circular tube. The thin plate
material of the helical tube 62 is, for example, about 3 mm
in breadth. The distal end of the helical tube 62 is cut so that
it is about 90 degrees (including 90 degrees) to the longi-
tudinal central axis of the helical tube 62.

As shown in FIG. 3, in the braid tube 64, bundles of a
plurality of knitted strands 64a made of, for example,
stainless steel are formed into the shape of a substantially
circular tube. The strands cross each other in the braid tube
64, so that this thickness of the braid tube 64 corresponds to
the addition of the outside diameters of two strands 64a.

The outer tube 66 is formed of a flexible resin material
such as a rubber material into the shape of a substantially
circular tube so that it covers the outside of the braid tube 64.

Furthermore, the proximal end of the bending tube 52 of
the bending portion 24 is connected to the distal end of the
flexible tube 26 via the connection mouth ring 70.

As shown in FIGS. 2A to 2C, the connection mouth ring
70 is formed of, for example, a metal such as stainless steel
into a substantially cylindrical shape. At the distal end of the
connection mouth ring 70, for example, a pair of opposite
openings 72 is formed so that connecting pins (or connecting
screws) 52b for connecting to the most proximal bending
piece 52a of the bending tube 52 penetrates and is thus
disposed in the openings. A diametrically outwardly pro-
jecting flange portion 74 is formed on the proximal side of
the part of the connection mouth ring 70 where the openings
72 are formed. On the inner peripheral surface of the
proximal end of the connection mouth ring 70, there is
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formed a concave portion 76 having an inside diameter
formed to be larger than the distal end of the connection
mouth ring 70.

The inner peripheral surface of the connection mouth ring
70 forms a uniform surface from its distal end to the distal
end of the concave portion 76. The concave portion 76 of the
connection mouth ring 70 is formed to have an inside
diameter larger than the inside diameter from the distal end
of the connection mouth ring 70 to the distal end of the
concave portion 76. The outer peripheral surface of the
connection mouth ring 70 is formed so that the thickness
from its distal end to the flange portion 74 is smaller than the
thickness of the outer peripheral surface from the flange
portion 74 to the position where the concave portion 76 is
formed. The outer peripheral surface of the connection
mouth ring 70 forms a uniform surface from the flange
portion 74 to the proximal end. That is, the connection
mouth ring 70 is formed to have the largest thickness at the
position from the flange portion 74 to the distal end of the
concave portion 76 along the axis of the connection mouth
ring 70.

The thickness of the connection mouth ring 70 from its
distal end to the flange portion 74 is suitably formed to
consider the size of the head of the connecting pin 525
disposed in the pair of openings 72 from the outside of the
connection mouth ring 70. Specifically, the tops of the heads
of'the connecting pins 525 disposed in the openings 72 of the
connection mouth ring 70 are suitably positioned as high as
or lower than the top of the flange portion 74.

The inside diameter of the concave portion 76 of the
connection mouth ring 70 is formed to be equal to or smaller
than the outside diameter of the helical tube 62 so that the
outer peripheral surface of the helical tube 62 may be in
close contact with the inner peripheral surface of the con-
cave portion 76 when the single helical tube 62 is placed in
a natural state (state of no external force applied). The distal
end of the helical tube 62 is cut at about 90 degrees to its
axis. Thus, the outer peripheral surface of the helical tube 62
is urged against the inner peripheral surface of the concave
portion 76 of the connection mouth ring 70, and at the same
time, the distal end of the helical tube 62 is in contact with
a step portion of the distal end of the concave portion 76.
That is, the distal end of the helical tube 62 is fitted in a
positioned state in the concave portion 76 of the connection
mouth ring 70.

As shown in FIGS. 2A and 2C, while the connection
mouth ring 70 and the helical tube 62 are in a fitted state as
described above, a place (its width has only to be, for
example, about 1 mm along the axis) where the connection
mouth ring 70 and the helical tube 62 overlap each other is
only spot-welded by laser from the outside of the connection
mouth ring 70 at proper intervals or repeatedly, such that
welded portions o welded at predetermined intervals or
welded in a continuous circumferential (arc-like) shape (see
FIG. 2C) are formed. That is, the welded portions o are
formed in the connection mouth ring 70 circumferentially or
along the helical of the helical tube 62. This makes it
possible to connect the helical tube 62 to the connection
mouth ring 70 without increasing the connection part axially.
At this point, the connection mouth ring 70 is instanta-
neously heated in the laser welding, so that the transmission
of heat from the connection mouth ring 70 to the outer tube
66 is prevented to the maximum even if the welding takes
place in the vicinity of the outer tube 66.

In addition, the inside diameter of the concave portion 76
of'the connection mouth ring 70 is formed to be smaller than
the outside diameter of the distal end of the helical tube 62,
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so that the fitting state of the connection mouth ring 70 and
the helical tube 62 can be easily maintained, and the
formation of a gap therebetween is prevented. Moreover, the
distal end of the helical tube 62 is cut at about 90 degrees to
its axis, and the distal end of the helical tube 62 is positioned
at the distal end of the concave portion 76 of the connection
mouth ring 70. Thus, there is no need to weld axially relative
to the connection mouth ring 70, and welding strength is also
easily assured by circumferentially welding in an arc-shaped
manner (or welding along the helical shape of the helical
tube 62), thereby highly contributing to the reduction of the
axial length of the connection mouth ring 70 (the reduction
of the axial length of the hard portion).

Although carrying out the laser spot welding to fix the
helical tube 62 to the connection mouth ring 70 has been
described here, brazing, for example, in the helical direction
of the strip plate of the helical tube 62 may be carried out
instead of the laser spot welding. That is, it is only necessary
that the helical tube 62 be fixed to the connection mouth ring
70 by proper thermal action so that the effect of the helical
tube 62 axially relative to the connection mouth ring 70 may
be minimized.

Furthermore, as shown in FIGS. 2A and 2B, the distal end
of the braid tube 64 is disposed on the proximal side of the
flange portion 74 of the connection mouth ring 70 and
outside the connection mouth ring 70. Further, a caulking
member 80 is disposed outside the braid tube 64. The
caulking member 80 is formed of, for example, a metal such
as stainless steel so that its axial width is about 2 mm. In
addition, although the caulking member 80 shown in FIG.
2B is ring-shaped, the caulking member 80 may be, for
example, C-shaped instead. Thus, various kinds of caulking
members 80 are used.

The caulking member 80 is positioned substantially in
contact with the flange portion 74 of the connection mouth
ring 70. That is, the flange portion 74 of the connection
mouth ring 70 functions as a positioning portion of the
caulking member 80. Since the caulking member 80 is fixed
to the connection mouth ring 70 so that it is positioned with
respect to the positioning portion as described later, the braid
tube 64 can be easily caulked against the connection mouth
ring 70 in such a manner as to prevent displacement.

Here, while the axial length of the caulking member 80
can be properly set, the proximal end of the caulking
member 80 is suitably at the same position as the outer
periphery of the distal end of the concave portion 76 of the
connection mouth ring 70 or at a position closer to the distal
side. Therefore, if the caulking member 80 is about 2 mm as
described above, the length of the connection mouth ring 70
between the proximal end surface of the flange portion 74 of
the connection mouth ring 70 and the distal end of the
concave portion 76 has only to be formed to be slightly
larger. When the caulking member 80 is caulked (plastically
deformed) against the outside of the connection mouth ring
70, the caulking member 80 is caulked in a state positioned
with respect to the connection mouth ring 70, and the braid
tube 64 is held and fixed between the outside of the
connection mouth ring 70 and the inside of the caulking
member 80.

In addition, when the caulking member 80 is caulked
against the outside of the connection mouth ring 70, a part
of the caulking member 80 that has been caulked (herein-
after referred to as a caulked part) is displaced with respect
to the welded portions o axially relative to the connection
mouth ring 70. This can prevent stress by which the caulking
member 80 is caulked from being directly applied to the
welded portions o outside the connection mouth ring 70
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where the distal end of the helical tube 62 is welded to the
concave portion 76 of the connection mouth ring 70. That is,
the welded portions o can be prevented from being damaged
by the caulking of the caulking member 80 with respect to
the connection mouth ring 70. Thus, even if the caulking
member 80 is caulked against the outside of the connection
mouth ring 70, the strength of the welding that fixes the
connection mouth ring 70 and the helical tube 62 together
can be maintained. Moreover, at this point, the caulked part
of the caulking member 80 is located closer to the distal side
of the connection mouth ring 70 than the welded portions o
and closer to the proximal side than the openings 72 and the
flange portion 74. Therefore, the thickness of a substantially
central portion can be greater along the axis of the connec-
tion mouth ring 70, such that the strength of the connection
mouth ring 70 can be maintained. That is, the caulked part
where the caulking member 80 is caulked is displaced closer
to the distal side of the connection mouth ring 70 than the
welded portions o where the helical tube 62 is welded in
order to increase the thickness of the caulked part of the
caulking member 80, such that the caulking member 80 can
be more firmly caulked against the connection mouth ring
70. At this point, there is no need to apply heat to the
caulking member 80 when the caulking member 80 is
caulked against the connection mouth ring 70, and effects of
the heat on the outer tube 66 exerted on the resin material
can be prevented. Thus, even if the caulking member 80 is
caulked while the caulking member 80 is in contact with the
distal end of the outer tube 66, it is possible to prevent, for
example, deformation of the outer tube 66 due to the effects
of heat.

Furthermore, as shown in FIG. 4, a weld-processed por-
tion [ which has been welded by laser is formed between the
flange portion 74 of the connection mouth ring 70 and the
distal end of the caulking member 80. Owing to the weld-
processed portion [ which has been welded in such a
manner, it is possible to remove part of the braid tube 64
projecting from the distal end of the caulking member 80
and covering the flange portion 74 of the connection mouth
ring 70 and the openings 72, and it is also possible to process
the distal end face of the braid tube 64. Thus, the end of the
braid tube 64 can be prevented from rising outward on the
distal side of the flange portion 74 of the connection mouth
ring 70 to, for example, rub against and scratch on the outer
tube 66 or the cover tube 54.

Then, while the bending tube 52 of the bending portion 24
and the flexible tube 26 are thus fixed to the connection
mouth ring 70, the cover tube 54 of the bending portion 24
covers from the outside. The proximal end of the cover tube
54 is wound with a thread 84 from the outside of the cover
tube 54 so that the caulking member 80 is pressed in a
diametrically inward direction of the connection mouth ring
70. The thread 84 is wound, with no space, not only around
the proximal end of the cover tube 54 of the bending portion
24 but also around the distal end of the outer tube 66 of the
flexible tube 26. An unshown adhesive is then applied to the
thread 84 to provide watertightness between the proximal
end of the cover tube 54 of the bending portion 24, the distal
end of the outer tube 66 of the flexible tube 26 and the
connection mouth ring 70. At this point, the caulking mem-
ber 80 is disposed inside the cover tube 54 and can therefore
be insulated from the outside of the insertion portion 12.
Moreover, the caulking member 80 and the connection
mouth ring 70 are disposed in a layer under the part which
is wound with the thread 84 and to which the adhesive is
applied, so that this part (the layer under the part to which
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the adhesive is applied) is not bent. Thus, the adhesively
bonded part in which the adhesive is applied to the thread 84
is prevented from cracking.

Next, a method of attaching the connection mouth ring 70
to the flexible tube 26 and attaching the bending tube 52 of
the bending portion 24 to the connection mouth ring 70 is
illustrated.

As shown in FIG. 5A, a tape 92 is affixed to the outside
of the distal ends of the helical tube 62 and the braid tube 64
to prevent the unraveling of the braid tube 64. Then, the
caulking member 80 is disposed outside the helical tube 62
and the braid tube 64. At this point, the tape 92 is exposed
from the distal end of the caulking member 80. In this state,
the distal end of the braid tube 64 is cut to make the distal
ends of the helical tube 62 and the braid tube 64 uniform so
that the distal end of the helical tube 62 may be at about 90
degrees to the longitudinal direction. In addition, the tape 92
has only to be placed, for example, about 2 mm to 3 mm.

As shown in FIG. 5B, the tape 92 is removed, and the
distal end of the braid tube 64 is diametrically outwardly
opened.

As shown in FIG. 5C, the distal end of the helical tube 62
is drawn out with respect to the distal end of the braid tube
64. At this point, the inside and outside diameters of the
helical tube 62 are once reduced to draw out the helical tube
62.

As shown in FIG. 5D, the distal end of the braid tube 64
is brought into contact with the end of the concave portion
76 of the connection mouth ring 70 to fit the helical tube 62
into the connection mouth ring 70. At this point, the outer
peripheral surface of the helical tube 62 is brought into close
contact with the inner peripheral surface of the connection
mouth ring 70 by the diametrically outward urging force of
the helical tube 62 itself. While the connection mouth ring
70 and the helical tube 62 are thus in a fitted state, the helical
tube 62 and the connection mouth ring 70 are welded
together by laser in a spotted manner from the outside of the
connection mouth ring 70. At this point, a part where the
helical tube 62 and the connection mouth ring 70 overlap
each other is welded by laser in an arc-like (continuous)
shape or at a plurality of places, such that the helical tube 62
and the connection mouth ring 70 are firmly fixed together.

As shown in FIG. 5E, the connection mouth ring 70 to
which the helical tube 62 is fixed is pressed into the braid
tube 64. Then, the distal end of the caulking member 80 is
brought into contact with the flange portion 74 of the
connection mouth ring 70. At this point, the distal end of the
braid tube 64 is located on the distal side of the connection
mouth ring 70 beyond the flange portion 74 of the connec-
tion mouth ring 70.

In addition, as described above, the thickness (see FIG. 3)
of the braid tube 64 is the addition of the outside diameters
of two strands 64a. Therefore, the inside diameter of the
caulking member 80 before the caulking member 80 is
caulked is greater than the addition of the thickness of two
braid tubes 64 to the outside diameter of the connection
mouth ring 70 (the addition of the outside diameters of four
strands 64a of the braid tubes 64 because the braid tube 64
is cylindrical).

The caulking member 80 is caulked against the connec-
tion mouth ring 70 as shown in FIG. 5F while a core bar (not
shown) for preventing the deformation of the connection
mouth ring 70 and the helical tube 62 is disposed inside the
connection mouth ring 70 and the helical tube 62. Thus, the
caulking member 80 is positioned with respect to the flange
portion 74 of the connection mouth ring 70, and at the same
time, the braid tube 64 is fixed in a state held between the
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inside of the caulking member 80 and the outside of the
connection mouth ring 70. Then, the core bar is removed
from within the connection mouth ring 70 and the helical
tube 62.

In addition, the outside diameter of the caulking member
80 after the caulking member 80 has been caulked is smaller
than the addition of the thickness of two braid tubes 64 and
the thickness of two caulking members 80 to the outside
diameter of the connection mouth ring 70. Moreover, the
outside diameter of the flange portion 74 for positioning the
caulking member 80 is greater than the subtraction of the
thickness of two braid tubes 64 from the inside diameter of
the caulking member 80 before the caulking member 80 is
caulked.

For example, the flange portion 74 of the connection
mouth ring 70 and the distal end of the caulking member 80
are laser-welded together to form the weld-processed por-
tion . At this point, as shown in FIG. 5G, the distal end of
the braid tube 64 is cut by, for example, a laser or a cutter
at the position of the flange portion 74 and removed, and the
end of the braid tube 64, the end of the caulking member 80
and the flange portion 74 of the connection mouth ring 70
are fixed by laser welding. Such processing enables the
cutting of the braid tube 64 and the processing of the end
face in one operation. This processing can also prevent the
end of the braid tube 64 from rising outward on the distal
side of the flange portion 74 of the connection mouth ring 70
to, for example, scratch on the outer tube 66 or the cover
tube 54.

Then, as shown in FIG. 2A, the connecting pins 525 are
disposed in the openings 72 at the distal end of the connec-
tion mouth ring 70 to connect the connection mouth ring 70
and the bending tube 52 of the bending portion 24 together.
Then, the cover tube 54 is disposed outside the bending tube
52. At this point, the proximal end of the cover tube 54
covers up to the proximal end of the caulking member 80.
Subsequently, the thread 84 is wound around the proximal
end of the cover tube 54 and the distal end of the outer tube
66. Then, the adhesive is applied to the part wound with the
thread 84 to provide watertightness between the bending
portion 24, the flexible tube 26 and the connection mouth
ring 70.

Thus, the bending portion 24 and the flexible tube 26 of
the insertion portion 12 of the endoscope 10 are connected
together.

Next, a structure is illustrated in FIGS. 6 A and 7 whereby
the flexible tube 26 of the insertion portion 12 of the
endoscope 10 is connected to an operation portion connec-
tion mouth ring 102 of the operation portion 14.

As shown in FIG. 6A, the operation portion connection
mouth ring 102 is substantially cylindrically formed. Inside
the operation portion connection mouth ring 102, there are
provided a first contact portion 102a with which the proxi-
mal end of the helical tube 62 and the proximal end of the
braid tube 64 are brought into contact, and a second contact
portion 1025 with which the proximal end of the outer tube
66 is brought into contact. Since the helical tube 62 and the
braid tube 64 are disposed inside the outer tube 66, the inside
diameter of the second contact portion 1025 is greater than
the first contact portion 102a.

Furthermore, a circular-ring-shaped groove 102¢ is
formed in the outer peripheral surface of the operation
portion connection mouth ring 102. An O-ring 1024 is
disposed in the groove 102¢. Further, for example, a pair of
screw holes 102¢ is formed on the proximal side of the
groove 102c¢.
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A method of connecting the proximal end of the flexible
tube 26 to the operation portion connection mouth ring 102
is described below.

The proximal end of the helical tube 62 and the proximal
end of the braid tube 64 are, for example, circumferentially
brazed together in advance to form a hard portion 104 in
which the proximal end of the helical tube 62 and the
proximal end of the braid tube 64 are hardened. At this point,
the inner peripheral surface of the proximal end of the outer
tube 66 is also fixed to the hard portion 104, together with
the formation of the hard portion 104. In addition, the
proximal end of the outer tube 66 is on the distal side of the
flexible tube 26 as compared with the proximal ends of the
helical tube 62 and the braid tube 64.

The proximal end of the hard portion 104 is brought into
contact with the first contact portion 102a of the operation
portion connection mouth ring 102. In this state, the outer
peripheral surface of the hard portion 104 is, for example,
adhesively bonded or brazed onto the inner peripheral
surface of the operation portion connection mouth ring 102.
At this point, the proximal end of the outer tube 66 is
brought into contact with the second contact portion 1025 or
disposed slightly closer to the distal side of the flexible tube
26.

Then, the operation portion connection mouth ring 102
disposed at the proximal end of the flexible tube 26 is fixed
inside the protection hood 36 of the operation portion 14, as
shown in FIG. 7.

The protection hood 36 includes an exterior portion 112,
an interior portion 114, and first to third linkage members
116, 118, 120.

The exterior portion 112 is disposed on the outermost side
of the protection hood 36. The interior portion 114 is
disposed inside the exterior portion 112, and holds the
proximal end of the flexible tube 26. The first linkage
member 116 is fitted into the exterior portion 112 and the
interior portion 114. The second linkage member 118 is
screwed to the first linkage member 116, and, although not
shown, is also linked to the grip portion 32a. The third
linkage member 120 is linked to the second linkage member
118, and is linked by disposing screws 122 in the screw holes
102¢ of the operation portion connection mouth ring 102.

In addition, the bending portion 24 is not connected to the
proximal end of the flexible tube 26 via the connection
mouth ring 70 in the example shown in FIG. 6 A, but in terms
of the order of operation steps, the bending portion 24 may
be connected before the operation portion connection mouth
ring 102 is connected.

While the proximal end of the flexible tube 26 is con-
nected to the protection hood 36 of the operation portion 14
in the example described here, the protection hood 46 of the
universal cable 16 is likewise connected to the operation
portion main body 32.

As described above, the following can be said according
to this embodiment.

The welded portions a where the helical tube 62 is fixed
to the connection mouth ring 70 and the position where the
caulking member 80 is caulked against the connection
mouth ring 70 are displaced with respect to each other
backward and forward along the axis of the connection
mouth ring 70. Thus, the part where the braid tube 64 is
caulked against the connection mouth ring 70 by the caulk-
ing member 80 is disposed at the end of the connection
mouth ring 70 opposite to the end to which the helical tube
62 is connected. Therefore, the outside of the welded por-
tions o is not caulked even if the caulking member 80 is
caulked against the connection mouth ring 70 after welding
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has been carried out to connect the connection mouth ring 70
and the helical tube 62 together, so that it is possible to
prevent force from being applied directly to the welded
portions a. Thus, even if the caulking member 80 is caulked
against the connection mouth ring 70, it is possible to
effectively prevent disjunction between the connection
mouth ring 70 and the helical tube 62. That is, while thermal
action (welding) is used to fix the helical tube 62 to the
connection mouth ring 70, the caulking member 80 is used
to fix the braid tube 64 to the connection mouth ring 70.
Moreover, the position where the helical tube 62 is fixed to
the connection mouth ring 70 is displaced with respect to the
position where the braid tube 64 is fixed to the connection
mouth ring 70, such that it is possible to prevent the part
where the braid tube 64 is caulked against the connection
mouth ring 70 from directly affecting the place where the
helical tube 62 is fixed to the connection mouth ring 70.
Moreover, the thickness of the connection mouth ring 70 at
the position where it is caulked by the caulking member 80
can be greater because the helical tube 62 is not present
inside the caulking member 80, so that the caulking member
80 can be firmly caulked against the connection mouth ring
70 to firmly fix the braid tube 64 to the connection mouth
ring 70.

At this point, since the width of the caulking member 80
is about 2 mm, and the part where the concave portion 76 of
the connection mouth ring 70 overlaps the helical tube is
about 1 mm, so that even if these lengths are added together,
the length required to fix the helical tube 62 and the braid
tube 64 of the flexible tube 26 to the connection mouth ring
70 is only about 3 mm. Thus, the length of the connection
mouth ring 70 (the whole length of the hard portion) can be
reduced. In this way, a straight tube (connection mouth ring
70) portion between the bending portion 24 and the flexible
tube 26 can be reduced to the minimum, thereby allowing
higher insertability of the insertion portion 12 into a space
achieved by bending the bending portion 24 and the flexible
tube 26 than heretofore. Moreover, since fixing each mem-
ber to the connection mouth ring 70 by caulking and thermal
action (welding) permits strength to be obtained with a short
range, there is no need for a long joint portion to fix the
helical tube 62 and the braid tube 64 to the connection mouth
ring 70, so that the hard portion (connection mouth ring 70)
can be shorter. That is, it is possible to minimize the length
of'the hard portion formed at the connection portion between
the flexible tube 26 and another tube or the like.

In the medical endoscope 10, improving the bending
performance of the bending portion 24 and the flexible tube
26 is especially effective because it can relieve a pain
attributed to the insertion into a body cavity or it has a
positive effect on a procedure carried out in a situation where
a surgical instrument (not shown) is disposed in the insertion
portion 12.

Furthermore, the braid tube 64 can be fixed by caulking
the caulking member 80 against the connection mouth ring
70. It is thus possible to prevent the outer tube 66 from being
damaged by the transmission of heat to the outer tube 66 due
to, for example, the welding of the braid tube 64 to the
connection mouth ring 70. That is, according to the structure
in this embodiment in which the braid tube 64 is fixed to the
connection mouth ring 70, the use of heat is not needed for
the fixing, so that it is possible to prevent the outer tube 66
from being damaged.

In addition, while the flange portion 74 is used as a
positioning portion which projects in the diametrically out-
ward direction of the connection mouth ring 70 to position
the caulking member 80 as described in this embodiment,
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one or more projections (at least one projection) may be
formed as the positioning portion for positioning the caulk-
ing member 80 instead of the flange portion 74.

In the example (the example in which the bending portion
24 bends in two directions) described in this embodiment,
the pair of operation wires 56 is disposed inside the bending
tube 52 for the simplification of the drawings and explana-
tion, as shown in FIGS. 2A to 2C. Although not shown, for
example, two pairs of operation wires may be disposed
inside the bending tube 52. In such a structure, the bending
portion 24 can bend in four directions.

While the insertion portion 12 has been described as an
example with regard to the connection between the flexible
tube 26 and the connection mouth ring 70 in this embodi-
ment, such a structure may also be used between the flexible
tube 42 and the connector 44 of the universal cable 16 and
between the flexible tube 42 and the operation portion main
body 32 of the operation portion 14.

The operation portion main body 32 shown in FIG. 6B
may be used instead of the operation portion connection
mouth ring 102 shown in FIG. 6A.

As shown in FIG. 6B, an operation portion connection
mouth ring 132 includes an inner mouth ring 132a¢ and an
outer mouth ring 1325 that are substantially cylindrical. The
inner mouth ring 132q includes a cylindrical portion 134a
and an outward flange portion 13454. The outer mouth ring
1324 includes a cylindrical portion 136a and an inward
flange portion 13654. The circular-ring-shaped groove 102¢ is
formed in the outer peripheral surface of the inward flange
portion 1364 of the outer mouth ring 13256. The O-ring 1024
is disposed in the groove 102¢. Further, for example, a pair
of screw holes 102¢ is formed on the proximal side of the
groove 102¢.

The outside diameter of the cylindrical portion 134a of
the inner mouth ring 132a is formed to be larger than the
inside diameter of the proximal end of the helical tube 62
when the helical tube 62 is independent and in a free state
(natural state) with no external force applied thereto so that
the inner peripheral surface of the helical tube 62 may be in
close contact with the outer peripheral surface of the cylin-
drical portion 134a of the inner mouth ring 1324. The helical
tube 62 and the connection mouth ring 70 can be fixed
together so that the helical tube 62 is in close contact with
the connection mouth ring 70 by the diametrically outward
urging force of the helical tube 62 itself. Further, the helical
tube 62 is fixed to the cylindrical portion 134a of the inner
mouth ring 1324 by being laser-welded from the outside of
the helical tube 62. At this point, the part where the helical
tube 62 overlaps the cylindrical portion 134a of the inner
mouth ring 1324 can be readily recognized. This ensures that
the helical tube 62 and the inner mouth ring 132a can be
fixed together.

Furthermore, the helical tube 62, the braid tube 64 and the
outer tube 66 are disposed between the outer peripheral
surface of the cylindrical portion 134a of the inner mouth
ring 132a and the inner peripheral surface of the cylindrical
portion 1364 of the outer mouth ring 1325. Moreover, the
distal end of the cylindrical portion 1364« of the outer mouth
ring 13254 is caulked so that the helical tube 62, the braid
tube 64 and the outer tube 66 are held between the cylin-
drical portion 136a and the outer peripheral surface of the
cylindrical portion 134a of the inner mouth ring 1324. That
is, the flexible tube 26 is fixed to the operation portion
connection mouth ring 132. Such the operation portion
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connection mouth ring 132 is fixed to the protection hood 36
of the operation portion 14, as shown in FIG. 7.

Second Embodiment

Next, a second embodiment is described with F1G. 8. This
embodiment is a modification of the first embodiment, and
the same signs are assigned to the same members as the
members described in the first embodiment, and detailed
description is not provided.

As shown in FIG. 8, in the example of this embodiment,
not only the distal end of the braid tube 64 described in the
first embodiment but also the distal end of the outer tube 66
is caulked against the connection mouth ring 70 by the
caulking member 80. At this point, the distal end of the outer
tube 66 is previously formed into a small thickness by, for
example, polishing so that it is disposed outside the outer
tube 66 before the caulking member 80 is caulked.

Masking for the removal of a resin material is typically
required during the molding of the outer tube 66, but such
masking is not needed, and the outside diameter of a
molding core material is constant, so that the outer tube 66
can be more easily molded.

The thickness of a caulking part where the caulking
member 80 is caulked can be stable independent of the
variation of the outside diameter of the outer tube 66 in resin
molding, and the variation of sandwiching strength due to
the variation of the thickness of the outer tube 66 can be
inhibited.

The outer tube 66 can be disposed inside the caulking
member 80, and a cover tube 54 can be disposed outside the
caulking member 80, so that watertightness between the
bending portion 24 and the flexible tube 26 can be more
reliably provided than in the first embodiment.

Third Embodiment

Next, a third embodiment is described with FIG. 9. This
embodiment is a modification of the first and second
embodiments, and the same signs are assigned to the same
members as the members described in the first and second
embodiments, and detailed description is not provided.

As shown in FIG. 9, in the example of this embodiment,
the distal end of the helical tube 62 is disposed outside the
proximal end of the connection mouth ring 70, in addition to
the structure (see FIG. 8) described in the second embodi-
ment. That is, instead of the concave portion 76 formed on
the inner peripheral surface side of the proximal end of the
connection mouth ring 70, a concave portion 78 is formed on
the outer peripheral surface side.

At this point, the inside diameter of the helical tube 62
when independent and in a free state (natural state) is equal
to or smaller than the outside diameter of the concave
portion 78 of the connection mouth ring 70 where the helical
tube 62 is disposed. Thus, when the distal end of the helical
tube 62 is fitted into the concave portion 78 of the connec-
tion mouth ring 70, the inner peripheral surface of the distal
end of the helical tube 62 can be in close contact with the
outer peripheral surface of the concave portion 78 of the
connection mouth ring 70. Then, when laser welding is
carried out from the outside of the connection mouth ring 70,
the part of the distal end of the helical tube 62 that is fitted
into the connection mouth ring 70 can be easily known, so
that the position to be laser-welded can be visually recog-
nized with ease. Thus, it is possible to more reliably laser-
weld the part where the helical tube 62 and the connection
mouth ring 70 overlap each other alone.
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In addition, while the medical endoscope 10 has been
described by way of example in the first to third embodi-
ments, the structures of the flexible tube 26 and the bending
portion 24 of the insertion portion 12 and the connection
mouth ring 70 can also be used as they are in an industrial
endoscope.

Additional advantages and modifications will readily
occur to those skilled in the art. Therefore, the invention in
its broader aspects is not limited to the specific details and
representative embodiments shown and described herein.
Accordingly, various modifications may be made without
departing from the spirit or scope of the general inventive
concept as defined by the appended claims and their equiva-
lents.

What is claimed is:

1. A manufacturing method of an insertion portion of an
endoscope, the insertion portion comprising a flexible tube
including a helical tube, a braid tube disposed outside the
helical tube, and a flexible outer tube disposed outside the
braid tube; and a connection mouth ring connected to an end
of the flexible tube and including a concave portion on an
inner peripheral surface thereof, the manufacturing method
comprising:

(a) disposing a caulking member outside the helical tube
and the braid tube wherein the caulking member is
C-shaped and formed of a metal;

(b) drawing a one end of the helical tube out with respect
to a one end of the braid tube;

(c) bringing the one end of the braid tube into contact with
an end of the concave portion of the connection mouth
ring, and fitting the helical tube into the connection
mouth ring;

(d) welding the helical tube and the connection mouth
ring by thermal action from an outside of the connec-
tion mouth ring while the connection mouth ring and
the helical tube are in a fitted state;

(e) pressing the connection mouth ring fixed to the helical
tube into the braid tube; and
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(D) plastically deforming the caulking member against the
outside of the connection mouth ring by caulking of the
caulking member and fixing the braid tube with respect
to the connection mouth ring by the caulking of the
caulking member, wherein a caulking position of the
braid tube and the connection mouth ring is axially
away from a welding position of the helical tube and
the connection mouth ring.

2. The method according to claim 1, wherein the welding
of the helical tube and the connection mouth ring by thermal
action is used by laser irradiation from the outside of the
connection mouth ring.

3. The method according to claim 1, wherein

the insertion portion includes an end along an axis thereto,
and

the caulking position of the braid tube and the connection
mouth ring is located on a closer side of the end of the
insertion portion along the axis than the welding posi-
tion of the helical tube and the connection mouth ring.

4. The method according to claim 3, wherein

the caulking member includes an end thereof along the
axis;

the connection mouth ring includes a positioning portion;
and

a position of a side of the end of the caulking member is
positioned at the positioning portion of the connection
mouth ring.

5. The method according to claim 4, wherein the connec-

tion mouth ring includes a flange portion, and

the method further comprising cutting the one end of the
braid tube at a position of the flange portion.

6. The method according to claim 5, wherein the connec-

tion mouth ring includes a flange, and

the method further comprising fixing the one end of the
braid tube, the end of the caulking member and the
flange portion of the connection mouth ring.
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